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ABSTRACT 
Purpose  
This in-vitro study was designed from a clinical case and investigated the effect of the 
presence of a screw assess channel, created either during the milling phase or following 
cementation, on the fracture strength of a monolithic zirconia cement-retained implant-
supported fixed prosthesis (ISFP). 
 
Material & Methods 
A definitive cast from a clinical case restoring a mandibular right first molar implant was 
utilized to fabricate three different styles of monolithic zirconia cement-retained ISFP. 
Group 1 had no screw-access channel (CR), Group 2 had a screw-access channel milled in 
the green phase (MA), and Group 3 had a screw-access channel created by hand 
preparation after cementation (HA). With 3 groups and 5 samples in each group, there were 
a total of 15 monolithic zirconia crowns fabricated on custom abutments in preparation for 
testing. The maximum force required for crown fracture was measured using a universal 
testing machine. 
 
Results  
The mean loads to fracture from highest to lowest were: the milled screw-access channel 
group (MA), followed by the hand-made screw-access channel group (HA), and lastly by 
the cement-retained group without a screw-access channel (CR). One-way ANOVA 
analysis indicated the fracture strength of the MA was statistically significantly different 
than the cement-retained samples (P<0.05). No statistically significant differences were 
found between the milled screw-access channel and the access channel created by hand.  
 
Conclusion  
The presence of a screw-access channel, whether milled or prepared by hand, does not 
negatively affect the fracture strength of a monolithic zirconia ISFP.  
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CHAPTER 1: INTRODUCTION 
 
There are many key factors contributing to the success of implant restorative therapy, 
including an integrated implant and a prosthesis that provides esthetics and function.1 In 
attempts to provide fixed restorative therapy for patients missing a tooth, generally two 
options are available: a tooth-supported fixed dental prosthesis (FDP) or an implant-
supported fixed prosthesis (ISFP). The latter has shown favorable long-term success rates 
compared to the FDP option.2  
 
Restoring a cement-retained ISFP provides favorable occlusion and esthetics for patients, 
as there is no screw access channel incorporated into the crown, with a common 
restorative option being a custom titanium abutment with a monolithic zirconia crown.3 
There is continuous coverage of the occlusal surface, negating the necessity for additional 
restorative material to fill the screw access channel.3  
 
Common prosthetic challenges accompanying implant therapy include abutment screw 
loosening, abutment screw fracture, porcelain chipping, or crown fracture.4 There are 
several options to help manage these prosthetic challenges if they arise, including the use 
of temporary cements on cement-retained crowns.4 Though this may lead to more 
frequent crown dislodgement or decementation and additional time for the restorative 
dentist, the aforementioned benefits of using a cement-retained crown may still prevail 
for the restoring provider.5  
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As one of the most common restorative challenges in implant dentistry is screw 
loosening, it is often necessary to access the abutment screw to re-torque the abutment 
screw in place.6,10 If the ISFP is cement-retained, access to the abutment screw would be 
accomplished by drilling through the crown to find the access channel.6  
 
The aim of this study was to investigate the effect of a screw access channel on the 
fracture strength of a monolithic zirconia ISFP. The results of this study will assist 
clinicians in determining the application and recognizing the prognosis of a cement-
retained monolithic zirconia crown with and without a screw access channel.  
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CHAPTER 2: LITERATURE REVIEW 
 
 
1. IMPLANT-SUPPORTED FIXED PROSTHESES 
 
 
Implants offer a great alternative for replacement of teeth in partially edentulous areas, 
previously only achievable with a FDP or a removable partial denture. From a fixed 
prosthodontic perspective, there are comparable survival rates between traditional FDP 
and ISFP.7 
 
As the ever-growing need for implant restorations increases, careful consideration must 
go into the decision for selecting the restorative material, whether it is metal-ceramic, 
lithium disilicate, monolithic zirconia, or veneered zirconia. With monolithic zirconia 
crowns having the highest reported fracture load, fracture strength, and elastic modulus of 
the aforementioned restorations, it is becoming the clinicians’ restoration of choice for 
ISFP.8 An additional important consideration when planning for an ISFP is whether the 
crown will be cement-retained or screw-retained.10   
 
While there continues to be advancement in ISFPs, there are associated mechanical and 
biological complications that may be different to those associated with tooth-borne 
prostheses. Mechanical complications include fracturing of the veneering material, loss of 
restoration in the access hole access hole restoration, abutment or screw loosening or 
fracture, and decementation. Biologic complications include peri-implantitis, soft tissue 
recession, and bone loss secondary to residual implant cement and soft tissue 
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complications.2 With the given complications, it is important for clinicians to navigate 
through cement- or screw-retained restorations for ISFP.10 
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2. CEMENT- VERSUS SCREW-RETAINED ISFP 
 
Cement-retained and screw-retained restorations are two restorative design options when 
planning for an ISFP. There are a number of evaluations that should be done when 
deciding between the two options, including esthetics, occlusion, retrievability of the 
prosthesis, porcelain fracture resistance, or restorative space.11,12 
 
If esthetics is the primary concern for a patient, cement-retained prostheses are often the 
most favorable, eliminating the need for a visible screw-access channel.10 Fortunately, 
there can be compensation for non-ideal angulation of the implant with a custom 
abutment and cement-retained ISFP without the need to have a screw-access channel in 
the restoration.11 Additionally, cement-retained prostheses do not require dental 
laboratories to mill or create a screw-access channel in the prosthesis and can minimize 
complications.11 Esthetic concerns remain when evaluating the presence of the screw-
access channel in anterior ISFP, but similar concerns apply when posterior mandibular 
implants have this channel through the occlusal surface.12 Often, anatomical limitations 
prevent ideal implant exiting through the cingulum of an anterior tooth or the occlusal 
surface of a posterior tooth.12 Fortunately, opaque composites have aided in masking the 
gray hue from the channel and can aid in esthetics.13 Even with the resorption patterns of 
bone, implant placement must take full advantage of present bone, which leads to off-axis 
placement of implant.14 
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Occlusal stresses are another important factor when deciding between a screw-retained or 
cement-retained prosthesis.  Some studies state that stress distribution along the implant 
are improved with a cement-retained prosthesis.15 Under biomechanical stress evaluation, 
there is higher risk of screw loosening and fracture with screw-retained prostheses.15 
There are mechanical improvements with cement-retained prostheses, due to better 
passivity of fit and more control over occlusal table without the need for screw-access 
channel.15,49 If a prosthesis fits non-passively, it can negatively affect the load transfer to 
the prosthesis-implant-bone complex.15 With migration of microorganisms transferring 
through the gap between the implant and abutment, there can be additional bone loss.15 
Guichet16 looked at evaluation of marginal discrepancy and passive fit of screw-retained 
and cement-retained fixed dental prostheses. With more passive fit of cement retained 
restorations, there was significantly less stress concentration around the implant.15,49  
 
A screw access channel will typically be 3 mm in diameter on the occlusal table of a 
posterior ISFP, thus influencing the ability to establish an ideal occlusal contact. 
Establishing proper occlusion on a screw-retained ISFP often requires a contact on the 
composite resin sealing the screw-access channel. As the composite resin wears, the 
centric occlusal contact could be lost more easily than a contact developed on metal, 
porcelain, or zironia.13 
 
One of the primary advantages of having a screw-retained ISFP is the ease of 
retrievability if ever there is an issue with screw loosening or screw fracture.6 There may 
be several reasons indicating the need for retrieving an ISFP, including the need for 
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periodic replacement of prosthetic components, aforementioned screw loosening or 
fracture, abutment fracture, or modification of the prosthesis following loss of an 
implant.9. The ease of removing of a screw-retained ISFP is already noted, but 
conversely, if a crown requires removal in a cement-retained ISFP, then the integrity of 
the prosthesis may be jeopardized after creating a screw access channel.11  
 
One major drawback when considering cement retention is the challenge of removing 
excess cement. Any residual cement that remains on the surface of the abutment can lead 
to peri-implant mucositis and peri-implantitis, a local inflammatory disease resulting 
from bacterial colonization of the foreign material (cement). This process can progress 
even after several years following delivery of the ISFP.17 A subgingival margin on a 
cement-retained ISFP is more likely to harbor residual cement in the sulcus.18 While there 
is may be more ease of placement and decreased clinical time associated with a cement 
retained restoration compared to a screw-retained restoration, it is critical for clinicians to 
recognize that there are associated risks, especially with increased likelihood of excess 
residual cement.19,20 
 
Additional complications can occur outside of screw loosening, including porcelain 
fracture, loss of retention, fracture of abutment, or fracture of screw.4, 7,21 Not only is it 
important to properly select a screw-retained restoration or a cement-retained restoration 
for ISFP, but it is also critical to understand the different restorative materials 
available.22,23  
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3. FRACTURE STRENGTH OF DIFFERENT RESTORATION MATERIALS 
 
One consideration when selecting the restorative material for an ISFP is fracture 
resistance or strength of the material. Popular choices have included metal, metal 
ceramic, zirconia, and lithium disilicate.24 
 
Weyrauch25 conducted a study to evaluate the fracture strength of different monolithic 
all-ceramic crowns on titanium implant abutments. Within this study, 525 crowns of 
seven different materials were evaluated as well as five different luting agents. Of the 
seven different materials that were evaluated, zirconia-reinforced lithium disilicate had 
the highest fracture strength, followed by lithium disilicate glass ceramic, resin 
nanoceramic, and then hybrid dental ceramic with polymer network.25 Finely structured 
feldspathic ceramic, zirconia-reinforced lithium disilicate (Celtra), and leucite-reinforced 
glass ceramic, had significantly lower fracture strength compared to the four materials 
tested above.25 One interesting finding from this article is that there was no significant 
difference with the different luting systems that were used, which included self-curing 
luting composite (Multilink Implant), dual-cured luting composite (Variolink II), self-
adhesive resin cement (RelyX Unicem), resin-modified glass ionomer luting cement (GC 
Fujicem), and self-adhesive/self-etch dual-cure resin cement (Panavia). While this study 
looked strictly at cement-retained restorations on implants, it is clear that zirconia-
reinforced lithium disilicate (Vita) had the highest fracture strength.25 
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Torrado26 concluded that screw-retained metal-ceramic ISFPs demonstrated a 
significantly lower fracture resistance than cement-retained metal-ceramic ISFPs. Within 
this study, the purpose was to compare fracture strength of porcelain between screw-
retained and cement-retained metal-ceramic implant ISFPs, and there was no significant 
difference found between porcelain fracture of the metal-ceramic ISFPS 4 mm or 5 mm 
width in occlusal tables in cement-retained groups.26 They concluded that the screw 
access location did not have any effect on the porcelain fracture resistance, either 
positively or negatively.26 
 
A third type of restoration that is commonly used for full contour restorations in dentistry 
is lithium disilicate.27 When evaluating fracture resistance of lithium disilicate bonded to 
enamel or dentin, Rojpaibool27 found that there were higher fracture loads noticed with 
thinner film thicknesses and higher fracture loads when the restoration was bonded to 
enamel.  
 
Lithium disilicate ISFPs were also evaluated for their fracture resistance on titanium and 
zirconia implant abutments.28 Within the limits of this study by Martinez-Rus28, the 
highest fracture resistance without substructure fracture was seen with lithium disilicate 
ISFPs; however, the failure type was more favorable with titanium abutments and 
zirconia crowns because there was no fracture observed in the crown or the abutment. 
Instead, implant neck distortion was observed.28 
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4. FRACTURE AND FLEXURAL STRENGTH FOR MONOLITHIC ZIRCONIA 
 
Saker29 evaluated the fracture resistance in straight and angulated zirconia abutments 
supporting anterior three-unit lithium disilicate ISFP. Angulated zirconia abutments are 
being used to compensate for off-axis implant angulations and this study showed that this 
use is possible without reducing the load-bearing capacity of three-unit lithium disilicate 
ISFP.29 Of these implant abutments, zirconia straight abutments had the highest mean 
fracture strength of 542.17 N, and the titanium angulated abutment had the lowest mean 
fracture strength of 523. 57 N.29 Between the different abutment materials and 
angulations of implants, there was no significant difference in fracture strength.29  
 
When the restorative space is limited, monolithic zirconia crowns are increasingly being 
considered as the restorative material for ISFP.5 One question associated with the use of 
monolithic zirconia is what minimal thickness is acceptable, both for FDP and for ISFP. 
According to Lan5, cyclic loading tests of ISFP revealed the fracture resistance of 
monolithic zirconia was positively associated with thickness noting that a minimum 
thickness of 0.8 mm is recommended to allow for deviation and allowable error in 
occlusal adjustment. Deng29 added that monolithic zirconia had relatively high critical 
contact loads of 800 to 900 N when the thickness exceeded 0.7 mm. 
 
When evaluating fracture strength intraorally, Sulaiman3 used commercial laboratories 
and surveyed the fracture rate that translated to catastrophic failure of monolithic zirconia 
restorations up to five years. Of the 36,096 posterior monolithic zirconia restorations that 
were completed, 0.99% of all restorations failed due to fracture. While interesting to 
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know the specific failure rate of monolithic zirconia across such a large sample, this 
survey only included restorations on natural teeth and excluded all implant restorations.3 
 
As the thickness of zirconia increases, so too does the flexural strength.30 Though Ozer30 
found the flexural strength of monolithic zirconia discs increased when thickness was 
increased, the material can withstand masticatory forces at both 0.8 mm and 1.3 mm 
thicknesses. Additionally, this study compared air-borne particle abrasion with grinding 
and polishing and found that air-borne particle abrasion increased the flexural strength 
but grinding and polishing had no effect.30, 51  
 
Specifically relating to fracture strength of zirconia crowns on implant restorations, 
Nogueria31 explored veneered zirconia ISFPs and their fracture strength when cement-
retained or screw-retained on custom zirconia abutments. When the veneered zirconia 
crowns were cemented onto custom zirconia abutments, there was greater fracture 
resistance than the veneered zirconia crowns that were screw-retained.31 Within this 
study, it was also found that cyclic fatigue of the specimens did not seem to influence the 
fracture resistance of these crowns, and the fracture of the veneering ceramic was 
predominant failure of the specimens.31  
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5. ABUTMENT SELECTION FOR IMPLANT RESTORATION 
 
Generally, zirconia and titanium are the most common materials used for custom implant 
abutment.28 Zirconia abutments are chosen because of their high strength; however, due 
to their opacity, it has been suggested that lithium disilicate abutments could be more 
esthetic than zirconia abutments and replace traditional titanium abutments.29 Elsayed32 
concluded that metal inserts with lithium disilicate and zirconia abutments could have the 
potential to withstand the physiologic occlusal forces that occur in the anterior region and 
they can be recommended as an esthetic alternative for restoring implants in the anterior 
region.32 Additionally, the fracture strength of lithium disilicate abutments was not 
affected when used as a combination of the overall crown or separate abutment and 
crown.32  This study recommended the use of titanium inserts when using zirconia 
abutments, as there is a much higher fracture strength than pure zirconia abutments.32  
 
Evaluating the fracture resistance of all-ceramic crowns (monolithic lithium disilicate, 
pressed lithium disilicate, and monolithic zirconia) on both zirconia and titanium 
abutments, Martinez-Rus28 found titanium abutments had higher durability than zirconia 
abutments. With all three crowns, the higher durability equated to higher mean fracture 
resistance of all three crown types on the titanium abutments, compared to the same 
crown types on zirconia abutments.28 Additionally, this was not a pure zirconia implant 
but was rather a zirconia abutment with a titanium connection and was evaluated for a 
right maxillary central incisor.28 
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Restoring implants with titanium abutments have a long and well-documented history; 
however, there can be a grayish appearance at the gingival margin when the tissue 
thickness is 2 mm or less.33 Zirconia abutments are an alternative to titanium abutments 
and are popular for restoring anterior implants.33 
 
While zirconia abutments are an option for restoring abutments within the esthetic zone, 
anodization or titanium nitride coating for titanium abutments are also options for 
disguising the greyish hue with titanium abutments.31 The anodization process can 
produce desirable colors, such as yellow or pink to mask the color of the titanium alloy. 
This process is completed by connecting a positive electric probe to the titanium alloy 
and submerging it into an electrolytic solution, causing a thin layer that gives off different 
wavelengths of the visible light spectrum.35,36 An alternative solution is titanium nitride 
(TiN) for titanium abutments, which tends to enhance titanium alloy with excellent 
resistance to corrosion, hardness, biological properties, and yellowish color. It can be 
prepared by nitrogen ion implantation, physical vapor deposition, and plasma ion 
nitriding.34-37  
 
Because esthetic demands are lessened for posterior sites, particularly first or second 
molars, there is no contraindication, other than restorative space issues, for using a 
titanium abutment.24,27 If there is limited restorative space, a castable abutment can be 
utilized to create a one-piece abutment-crown unit that is not dependent on cement. 
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6. ACCESSING ZIRCONIA CEMENT RETAINED CROWN 
 
One common restorative complication of implant dentistry is the loosening of an 
abutment screw.7 One of the largest disadvantages of cement-retained ISFPs is its 
challenging retrievability. Barbosha da Rocha41 suggests a technique incorporating a 
cement retained crown with a screw-access channel. If a crown is cemented without a 
screw access channel, there are options for mapping the locations of the screw-access 
channel for future access, including a diagram in the patient’s chart with the location of 
the screw-access channel or creation of a vacuuform matrix that seats over the restoration 
with the screw-access channel location.10  
 
Grinding on zirconia affects phase transformation, flexural strength, microhardness, and 
subsurface damage depth.44 Cutting pre-sintered zirconia in a dry environment had an 
increase in phase transformation, but the residual compressive stress formed under the 
ground surface enhanced the flexural strength of the dry ground surfaces.44 Under wet 
conditions with pre-sintered zirconia, flexural strength was reduced.44 Khayat52, 
alternatively, concluded that grinding on zirconia had no significant effect on the flexural 
strength. Following sintering, grinding zirconia with medium rough diamond burs (75 μm 
or 54 μm) will introduce grinding damage that could have negative consequences on the 
mechanical behavior of zirconia.45 It has been recommended to adjust zirconia with fine-
grit diamond grain sizes (18 μm or below) to obtain chips limited in depth and non-
critical to the material.45  If cracks do penetrate further than the surface layer of the 
zirconia, then the overall flexure strength can be affected.53  
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7. FILLING MATERIAL WITHIN SCREW-ACCESS CHANNEL 
 
Studies have evaluated presence or lack of composite resin for screw-retained crowns and 
effect of filing material on retentive force of cement-retained restorations.47,48 Five 
different filling materials were examined, including composite resin (Filtek Z 250), light-
cured temporary filling (Clip), temporary filling (Coltosol), polyvinyl siloxane (PVS), 
impression material (Elite H-D), and PTFE thread sealant tape.47 When the screw access 
channels were filled with PVS or PTFE, the temporarily cemented ISFP were more easily 
removed.47 
 
With screw-retained metal ceramic ISFP, unrestored screw-access channels found 
significantly more chipping fractures than restored screw-access channels.47 Light-cured 
temporary filling and composite resin filling notably had higher retention with 
temporarily cemented cast ISFPs.48 The presence of composite resin filling the screw 
access channel can stabilize the ceramic layer, which leads to less chipping of the 
veneering layer.47   
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SPECIFIC AIM 
 
To measure and compare the fracture strength of a monolithic zirconia ISFP without a 
screw access channel, with a milled screw access channel, or with a screw-access channel 
created through a cement-retained crown.  
 
 
  STATEMENT OF THE PROBLEM 
Various restorative design options for ISFP are available, including cement-retained, 
screw-retained, or cement-retained with a screw-access channel milled into the 
prosthesis. A common prosthetic complication with an ISFP is screw-loosening, thus 
requiring access to the abutment screw.  No studies were found that compared the 
fracture strength of monolithic zirconia ISFP when designed as a cement-retained 
restoration, cement-retained restoration with a milled screw access channel, or cement-
retained restoration with a screw-access channel created following cementation.  
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NULL HYPOTHESIS (H0) 
The presence of a screw-access channel in a cement-retained ISFP created either during 
the milling phase or following cementation will not influence the fractural strength of a 
monolithic zirconia crown.  
 
 
ALTERNATE HYPOTHESIS (H1) 
The presence of a screw-access channel in a cement-retained ISFP created either during 
the milling phase or following cementation will influence the fracture strength of a 
monolithic zirconia crown.  
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CHAPTER 3: METHOD AND MATERIALS 
 
Fifteen custom abutments (ATLANTIS abutment; Dentsply Sirona) designed for a 5.4 
mm by 11 mm mandibular right first molar implant (OsseoSpeed EV; Dentsply Sirona) 
from a clinical case, were milled with the same parameters (Figs. 1 and 2). These 15 
custom abutments were then divided into 3 testing groups based on the style of the ISFP. 
The ISFP styles and test groups were: a cement-retained crown without a screw-access 
channel (CR), a cement-retained crown with a milled screw-access channel (MA), and a 
cement-retained crown with an access channel created by hand preparation after 
cementation (HA).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Custom abutment fabrication (buccal view) 
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Figure 2. Custom Abutment Fabrication (posterior view) 
 
 
The custom titanium abutment was then scanned with an optical scanner (3Shape; E2, 
Copenhagen, Denmark) and crowns were designed and fabricated. The default die spacer 
of the scanner was 30 μm. A total of 15 CAD/CAM monolithic zirconia crowns were 
milled. The shape and fit of each crown were evaluated on the master abutment. The 
zirconia was then sintered according to the manufacturer’s instructions (The Argen 
Corporation; Argen ZT+, San Diego, CA). To aid in the creation of a screw-access 
channel following the cementation of the cement-retained crowns, the occlusal surfaces 
on the crowns in the HA group were stained approximately where the screw access 
channel was located.  
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Figure 3. Scanning and design of monolithic zirconia crowns. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 4. Lab benchtop scanner 
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The crowns were divided equally into three different groups (n=5). With 25 Ncm torque 
value, each of the 15 abutments were connected to the implant analog that was embedded 
in the clear orthodontic resin bath (Caulk Orthodontic Resin; Dentsply, Milford, DE). 
After 10 minutes, the abutment screw was re-torqued to the implant analog to compensate 
for a settling effect of the screw.50 An inch-long piece of polytetrafluoroethylene (PTFE) 
thread sealant tape (Scienceware FLUO-KEM teflon tape) was cut and placed in to the 
screw access channel to protect the screw hex from excess cement flow into the screw 
joint.  
 
 
Figure 5. Milled custom abutments  
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The exterior surface of the implant abutments and intaglio surface of the crowns were 
airborne-particle abraded (50 μm Al2O3, approximately 2 cm distance, 0.15 MPa 
pressure, approximately 60-second airborne-particle abrasion time per abutment and 
crown) to increase the shear bond strength.51 This was then followed by water steaming 
and ultrasonic cleaning in distilled water for 10 minutes.   
 
 
Figure 6. Creating access to abutment screw 
 
Each group was cemented with self-adhesive resin cement (RelyX U200, 3M ESPE) on 
its corresponding abutment and excess cement was removed with a microbrush 
(Mircrobrush micro applicator) and then sickle scaler (Hu-Friedy Mfg Co LLC). For all 
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three groups, the crowns were placed under a static load of 49 N for 10 minutes with a 
custom-made device applying load through a 6 mm spherical ball.  
 
After cement polymerization, the cement-retained crowns with milled screw-access 
channels were reseated with the abutment screw through the screw access channel and 
tightened to 25 Ncm. The channel was then sealed with PTFE thread sealant tape 
(Scienceware FLUO-KEM teflon tape) followed by a composite resin plug (Filtek Z250 
Universal Restorative; 3M ESPE). 
 
To simulate accessing a cement-retained crown with a loose abutment screw, the five 
specimens in group HA were manually accessed by highspeed instrumentation to reach 
the PTFE thread sealant tape (Scienceware FLUO-KEM teflon tape). The PTFE thread 
sealant tape (Scienceware FLUO-KEM teflon tape) was then removed, and it was 
ensured the implant driver could adequately access the abutment screw. The abutment 
screw was then retorqued to 25 Ncm, then the new screw access channel was sealed with 
PTFE thread sealant tape (Scienceware FLUO-KEM teflon tape) followed by the 
aforementioned composite resin plug. 
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Figure 7. Handmade screw-access channel (left) vs. milled screw-access channel (right) 
 
All specimens were stored in distilled water at 37oC for 24 hours prior to testing. 
Following this, the specimens were individually mounted to the lower head in a universal 
testing machine (MTS 858 Mini Bionix II). Specimens were individually numbered and 
randomly ordered using spreadsheet software (Excel; Microsoft Office).  The axial load 
was applied with a 5.8 mm diameter metallic sphere with a spacer between the sphere and 
specimen, loading at a 0.5 mm/min speed. The axial load was recorded against time, and 
the data of the maximum axial load was collected for each of the specimens, equating to 
the failure load.  
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Figure 8. Cement-retained (CR), milled screw-access (MA), and handmade screw-access 
(HA) Groups 
 
For the statistical analysis, a spreadsheet (Excel; Microsoft Office) was created with the 
data from the three test groups. For group comparison, one-way analysis of variance 
(ANOVA) was used to analyze the data. An overall P-value was generated to find out if 
there were at least two groups significantly different from each other. To find out which 
groups were different, pair-wise comparisons were conducted and adjusted for multiple 
comparisons. A P-value of <0.05 was considered significant.  
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Figure 9. Testing machine a) Universal testing machine (MTS 858 Mini Bionix II) 
b) Close-up of sphere and specimen on testing machine 
  
Figure 10. Example of fracture failure of (a) CR, (b) MA, and (c) HA specimens 
a b c 
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CHAPTER 4: RESULTS 
 
The null hypothesis stated that the presence of a screw-access channel in a cement-
retained ISFP created either during the milling phase or following cementation will not 
influence the fractural strength of a monolithic zirconia crown. The primary analysis 
involved three different groups with five samples in each group for a total of 15 
monolithic zirconia crowns. The mean, median, minimum, and maximum load required 
to fracture the full contour crowns with different designs are presented in Table 1 and 
Figure 11.  
 
Overall, P-value of one-way ANOVA statistic was calculated (P<0.05), comparing the 
means between two or more groups. The P-value (Pr(>F)) is less than 0.05 and indicates 
that at least two groups differ significantly.  
 
As the ANOVA indicates that at least two means differ, pairwise comparisons were 
conducted with Tukey-Kramer method for multiple comparison adjustment.  The tests 
indicate that the samples with the milled screw-access channel differ significantly from 
the samples without any screw access channel (cement-retained); however, the group 
with the screw-access channel created by hand preparation after cementation did not 
differ from either the cement-retained samples or the samples that had the milled screw-
access channel. With a P-value of 0.0952, the comparison of the milled screw-access 
channel with the screw-access channel created by hand preparation may have a 
significant difference with a larger sample size.  
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Table 1. Mean and Median value (N) of each test group 
Test 
Groups 
Category 
N Median Mean (SD) (Min, Max) 
CR 5 1938.02 
1797.39 
(343.64) 
(1252.85, 
2072.63) 
MA 5 2355.46 
2647.90 
(482.90) 
(2283.62, 
3386.58) 
HA 5 2214.64 
1924.56 
(627.12) 
(1222.97, 
2599.52) 
 
 
The milled screw-access channel group had the highest mean load to fracture, followed 
by the hand preparation screw-access channel samples, followed lastly by the cement-
retained samples (Table 1).  
 
Table 2. Statistical comparison among test groups 
 
 
 
 
 
GROUP 1 GROUP 2 Estimate Standard Error Adjusted P-value 
MA CR 850.5 315.1 0.0474* 
HA CR 127.2 315.1 0.9147 
HA MA -723.3 315.1 0.0949 
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CR MA HA
Mean 1797.39 2647.9 1924.56
Median 1938.02 2355.46 2214.64
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Figure 11. Mean and median value (N) of each test group 
 
The presence of an access channel led to a higher mean fracture strength when the access 
channel was milled as compared to the access channel samples that were created by hand 
preparation. The control group with no access channel (cement-retained) showed the 
lowest mean value. 
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CHAPTER 5:  DISCUSSION 
 
The data partially support the acceptance of the null hypothesis; that there is no 
difference among CR, MA, and HA groups. While the group with the screw-access 
channel created by hand preparation after cementation did not differ statistically from 
either the control group or the milled screw access, the milled screw access channel 
samples differed statistically from the cement-retained samples. 
 
Though the crowns in the HA group had staining on the occlusion surface to mark the 
anticipated screw-access channel to facilitate preparing an ideal access opening, there is 
concern that drilling through a cement-retained ISFP will damage the prosthesis 
irreparably. Within the present study, the milled access channel and handmade access 
channel actually had higher mean fracture strengths than the prosthesis that had no access 
channel, indicating the strength of the crown was not affected by drilling through the 
occlusal surface either before or after cementation to the custom titanium abutment. This 
agrees in part with Khayat52, which concluded that grinding on zirconia had no 
significant effect on the flexural strength. 
 
The advantage of having a screw retained prosthesis20,21,22 is to aid in the accessibility of 
retrieving the abutment screw when complications arise. One of the most common 
technical complications with implant restorations is screw-loosening, which necessitates 
the screw needing to be replaced or retightened.  
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When it is necessary to access a cement-retained crown for any of the aforementioned 
complications, the access channel must be found by drilling through the crown. This 
investigation was to compare the fracture strength of monolithic zirconia cement-retained 
without screw-access channel, cement-retained with milled screw-access channel, and 
cement-retained crowns with screw-access channels created by hand preparation.  
 
Though this study had two cracks noted while creating hand access to the cement-
retained crowns (Figure 12), the overall fracture strength was not significantly different 
compared to the other two samples.  If cracks propagate further than through the surface 
layer of zirconia, then the flexural strength can be lowered.53 Within the present study, 
the surface defects only affected the superficial layer of the material and did not have 
significant deterioration of the mechanical properties of the material.  
 
No previous studies were found that reported the fracture strength of different monolithic 
zirconia ISFP on titanium custom abutments. The data from the three sample groups 
reported slightly higher fracture strength of monolithic zirconia than Hussien6 which 
reported fatigue failure load of three different types of ceramic ISFP. The three crowns 
evaluated were lithium disilicate, veneered zirconia, and monolithic zirconia, with and 
without milled screw access channels. Differing from the present study, though, there 
were no access channels simulating the handmade access to the channel.  
 
Within this study, both the cement-retained crown with milled screw-access channel 
(MA) and the access channel created by hand (HA) did not have lower fracture strengths 
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than the cement retained crowns with no access channel, similar to Hussien6. Many 
studies have evaluated the fracture strength of ISFP with presence or absence of a screw 
access channel, and many have found strength is not lowered with presence of a screw-
access channel.6, 25, 32, 33 
 
It is worth noting the torque was evaluated for all of the specimens following the testing, 
and none of the specimens appeared to retorque or lessen from 25 Ncm. This indicates 
the failure load of each of the specimens was not due to a mechanical failure or failure of 
the implant components underlying the monolithic zirconia crowns.  
 
Interestingly, the mean fracture strength of the control specimens, with no screw-access 
channel present, was the lowest compared to the milled screw-access channel group and 
handmade screw-access channel group. One hypothesis for this is due to the unsupported 
zirconia in the cement-retained crown (CR) that lies on top of the access channel and 
PTFE thread sealant tape. Other studies have evaluated presence or lack of composite 
resin for screw-retained crowns and effect of filing material on retentive force of cement-
retained restorations.47,48 
 
With screw-retained metal ceramic ISFP, unrestored screw-access channels found 
significantly more chipping fractures than restored screw-access channels. The presence 
of composite resin filling the screw access channel can stabilize the ceramic layer, which 
leads to less chipping of the veneering layer.47  
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Retention has been evaluated with various screw access channel fillings on cement-
retained crowns that are cemented using temporary cement. Five different filling 
materials were examined, including composite resin (Filtek Z 250), light-cured temporary 
filling (Clip), temporary filling (Coltosol), polyvinyl siloxane (PVS), impression material 
(Elite H-D), and PTFE thread sealant tape. When the screw access channels were filled 
with PVS or PTFE, the temporarily cemented ISFP were more easily removed. Light-
cured temporary filling and composite resin filling notably had higher retention with 
these temporarily cemented cast ISFPs.48 
 
Though these previous studies evaluated presence of composite resin on screw-retained 
ISFP and filling material for the screw-access channel on cast ISFP, there were no studies 
found that examined the presence or lack of composite resin filling for a cement-retained 
zirconia ISFP. Within the current study, the only filling material covering the screw-
access channel was PTFE thread sealant tape without composite resin. Further studies 
would be needed to evaluate whether the fracture strength is affected with composite 
covering the screw-access channel for a cement-retained monolithic zirconia ISFP. 
 
Another source of error could be introduced from non-standardized computer-aided 
design and computer-aided milling of both the abutments and crowns. If there were any 
inaccuracies or non-standardization on the manufacturing of the duplication of crowns or 
abutments, then this could have altered the results of this study or caused error or even 
lead to decreased passivity of fit of the prosthesis. While cement-retained implant 
superstructures have the potential of being passive, there is always possibility of error 
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accumulating in each step of fabrication that leads to pure passivity being extremely 
rare.49   
 
While milling the abutments or crowns, it is impossible to know whether the milling burs 
possess the same sharpness or milling efficiency. In the same turn, while the same fine 
diamond round bur (Brasseler, Brasseler USA, Savannah GA) was used to make the 
handmade access within the five samples, it is possible the bur dulled near the end of 
preparing these samples.  
 
 
Figure 12. Crack following handmade preparation of screw-access channel 
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Limitations to the current study include small sample size and lack of simulating the oral 
environment. While this study did reproduce the oral environment by having the samples 
stored in 100% humidity at 37oC for 24 hours, there was not cyclic loading or cyclic 
fatigue of the samples prior to testing.  
 
Future studies need to be performed with larger samples within each group, especially as 
there could have been statistical significance between the milled screw-access channel 
and handmade screw-access channel if a larger sample size was chosen. Additionally, to 
build upon the findings of this study, a fourth sample group with a composite plug over 
the access channel in the cement-retained or control group could have made the finding 
more clinically relevant and determination of whether composite addition could 
strengthen the overall ISFP.  
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CHAPTER 6:  SUMMARY AND CONCLUSION 
 
This study was conducted to determine whether accessing a crown after cementation 
affected the fracture strength of monolithic zirconia ISFP. The null hypothesis was 
partially rejected. Based on the limitation of this study, the following conclusions may be 
drawn:  
  
1. The presence of a milled screw-access channel or screw-access channel prepared 
by hand after cementation did not lower the fracture strength of a monolithic 
zirconia ISFP.  
2. The milled screw-access channel group had the highest mean load to fracture, 
followed by the group with the screw-access channels created by hand 
preparation. 
3. The fracture strength of the milled screw-access channel group is statistically 
higher than the group without a screw access channel (cement-retained). 
4. The cement-retained group had the lowest mean load to fracture. 
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Table 3. Raw Data 
 
Control Group (No Screw-Access Channel)  
  
Sample 
Failure Load 
(N) 
1 1671.97 
4 1938.02 
7 1252.85 
10 2051.48 
13 2072.63 
  
Group 1 (Milled Screw-Access Channel)  
  
Sample 
Failure Load 
(N) 
2 2283.63 
5 2319.21 
8 2355.46 
11 3386.58 
14 2894.60 
  
Group 2 (Drilled Screw-Access Channel)  
  
Sample 
Failure Load 
(N) 
3 1222.97 
6 1289.61 
9 2599.52 
12 2214.64 
15 2296.04 
 
